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In the first years of this report, we answered questions such as: "What is event attribution?" and "Is it even possible to address the effects of long-term changes on extreme events using event attribution?" The science has now advanced to the point that we can detect the effects of climate change on some events with high confidence (e.g., especially those linked to temperature), although results are necessarily probabilistic and not deterministic. The growing popular interest in event-attribution is feeding back to the science, for example by requiring it to more carefully consider the impacts of various interpretations and framings of the causation question. We thus now ask: "What is the confidence of the results?" and "How should the results be interpreted?" We are conscious of the importance of the precise question being asked, for instance "What are long-term contributions to event frequency?" versus "What are long-term contributions to event intensity?" (e.g., Dole et al. 2011 ). There remains an ongoing need to reconcile attribution results pertaining to different aspects of extreme event behavior (e.g., Otto et al. 2012) .
To state that event attribution is complex, especially for extreme rainfall and related storm systems including tropical cyclones, is obvious. Yet, such complexities mean that the analytic work to pull numerous pieces together to establish probable cause continues to require considerable time, even as computers become more powerful to aid the effort. Thus, the reliability and realism of "real time" attribution for which there is great public appetite, continues to be an open question. The scope of information demand is also multifaceted, not only to explain "why the event happened," but also "how well the event was anticipated." These new questions are far more challenging to address and are increasingly relevant to the concerns of society. Attribution science has made progress in answering these questions, though considerably more work needs to be done.
This last year has been exciting for attribution science, as the U.S. National Academy of Sciences released its report on the topic (NAS 2016). To date, it is the most comprehensive look at the state of event attribution science, including how the framing of attribution questions impacts the results. For example, in a complex event such as drought, a study of precipitation versus a study of temperature may yield different results regarding the role of climate change. The report also addresses how attribution results are presented, interpreted, and communicated. It provides the most robust description to date of the various methodologies used in event attribution and addresses the issues around both the confidence of the results and the current capabilities of near-real time attribution. No single methodology exists for the entire field of event attribution, and each event type must be examined individually. Confidence in results of an attribution analysis depends on what has been referred to as the "three pillars" of event attribution: the quality of the observational record, the ability of models to simulate the event, and our understanding of the physical processes that drive the event and how they are being impacted by climate change.
A recently published paper (Mitchell et al. 2016 ) marks the beginning of an important new undertaking for the event attribution field by providing an example of how to apply event attribution science to understanding and preparing for impacts. For many years, the scientific community has discussed linking event attribution to the impacts of these events and the role climate change has played in altering those impacts. This year, for the first time, attribution scientists partnered with public health officials to assess the role climate change played in increased mortality from a specific event-the 2003 European heatwave (Mitchell et al. 2016) . Their results concluded that in the summer of 2003, "out of the estimated ~315 and ~735 summer deaths directly | attributed to the heatwave event in Greater London and Central Paris, respectively, 64 (± 3) deaths were attributable to anthropogenic climate change in London, and 506 (± 51) in Paris." While the numbers for this heat wave are noteworthy, especially for Paris, the paper makes a larger contribution than just its analysis of the 2003 event. It lays out a methodology for linking the role of climate change on an extreme heat event and, subsequently, the impacts of that event on human health. Clearly, multiple approaches could be taken to address these questions, and the paper by Mitchell et al. lays out just one. Also, it is no accident that this work addresses a heat event, where the climate change signal is strongest and confidence in attribution results is highest.
Even so, it would be premature to regard this result-that 506 (± 51) deaths in Paris in summer 2003 are attributable to anthropogenic climate change-as the last word on the matter. Unquantified uncertainties need to be further explored owing to different observational, modeling, and methodological strategies for both climate attribution and health sciences. And the confidence with which a linkage can be made between anthropogenic emissions and impacts is different for other event types. However, as the science advances we hope to see more papers connecting a line between climate change and impacts, not only for heat but also for other event types. Friederike Otto put it well in a recent paper where she wrote, "The event attribution community has come a long way towards applying different methodologies and combining meteorological variables to indices of relevance to people, making impact attribution the challenge for the coming years" (Otto 2016 ). Mitchell's paper begins to address this challenge.
Meaningful connections between weather and climate events and impacts will require that the event attribution community collaborate with the impacts community. Furthermore, event attribution would be most useful to the impacts community if potential users engage closely with scientists in the co-production of knowledge relevant to decisionmaking. The European Climate and Weather Events: Interpretation and Attribution (EUCLEIA) project has engaged with such stakeholders and found that different sectors often have different uses for such information and different requirements (Stott et al. 2015) . For example, the insurance industry may value robustness over speed in the assessment of climate risks. By contrast, the World Weather Attribution project has worked with Red Cross/Red Crescent | which require information on faster time scales. They find value in rapid assessments of recent disastrous weather and climate events during the relatively short window of opportunity when resources may be available to enable communities to become more resilient to such shocks in the future (https://www .climatecentral.org/about/partners/).
A common characteristic for all these impact attribution efforts is that they have been cross disciplinary. In support of the IPCC's 1.5°C impacts report, collaborations between science disciplines have been established that will hopefully continue to increase the applicability of event attribution science in decision-making.
In addition to the literature, Mother Nature also made this year an interesting one because of the strong El Niño. Although we had anticipated that we would focus on event types other than heat in this year's report, the heat proposals we received put an interesting twist on the heat attribution question. With the presence of a strong El Niño in 2015, these papers asked whether attribution could effectively disentangle the effects of El Niño from longer-term human-caused warming. Without exception, the analyses in this report were successfully able to do this. All investigations of heat events found an increased risk from human-caused climate change separate from the role of El Niño and other drivers from natural variability.
As we look back at five years of this BAMS Explaining Extreme Events from a Climate Perspective report, we are excited to see the overall progress made to date. That progress is not merely in the climate science, but also in the growth of capabilities to share that information with others and to communicate that knowledge clearly. Also, the range of event types being examined with a focus on attribution has broadened over the years, and the ability of analyses to distinguish between natural and human-caused drivers continues to increase. It is also worth noting that this publication does not discriminate between papers that do and do not find a role for climate change. A large number of papers published in this report over the past five years (~35%) did not find any role for climate change on the risk of the event, and we expect to continue receiving and publishing similarly-themed manuscripts in the future.
Looking ahead, over the next half decade there is certainly a great deal of work still to be done in improving the reliability of event attribution results and how they are communicated. We will be closely watching to see how the effort to meet the challenge of "impact attribution" advances in the coming years. We are seeing the start of bridges being built between the disciplines of climate attribution, the practice of weather forecasting, and socioeconomic science, which are each truly essential next steps in using attribution analysis to inform risk management decisions. However, progress in managing risks from extreme events can only be made if the foundational pillars of observations, modeling, and our understanding of the physical processes that drive extreme events and their relationship to climate change also continue to improve. Continued investments in climate science at all levels are crucial not only in the next five years, but for the foreseeable future.
